Abstract. Road traffic accident is an accident on a public road in which at least one moving vehicle has been involved and material damage or injury or death has occurred. Traffic accidents occur for various reasons, with one of them being the transport infrastructure and next the condition of traffic environment. Motorways are considered to be the safest roads, which have initially been planned as dedicated roads intended to be travelled only by personal cars, but the evolution of modal split of freight transport in Europe is causing the heterogeneity of traffic flows on these roads, which consequently affects the traffic safety. The aim of this paper is to explore the effects of changing volume and structure of traffic flows on road safety on Slovenian motorways. After the exhaustive analysis of past data, the paper provides different models for forecasting traffic safety on Slovenian motorways.
Introduction
Transport has played an important role in the economic development, but also in the evolution of society to the point where we are today (Cowie 2009 ); however, the uncontrolled growth of road transport has begun to show consequences, as transport problems have become more widespread and severe than ever in both industrialized and developing countries alike (Ortúzar, Willumsen 2011) .
One of the basic qualities describing the functioning of transport system is traffic safety. Traffic safety is commonly measured in terms of number of accidents and severity of their consequences. There is no exact statistics showing the total number of people killed or injured in road accidents in the world; however, the estimation of the World Health Organization is that approximately 1.24 million people die every year on the world's roads, and another 20 to 50 million sustain nonfatal injuries as a result of road traffic crashes (WHO 2013) and there were almost 28,000 fatalities and 250,000 severely injured on European roads in 2012 alone (EC 2013) . Furthermore, road traffic injuries are currently estimated to be the eighth leading cause of death globally (WHO 2013) . Apart from the human suffering caused by these injuries, the socio-economic costs incurred are estimated at around 2% of annual EU GDP (EC 2013a (EC , 2013b .
Countries tackle the issue of road traffic safety in different ways, usually depending on the transport demand, development of transport system and financial resources, but the fact is that the availability of road infrastructure deeply influences the road safety. By theory motorways are considered to be the safest roads (ETSC 2008) , but at the same time they are perceived to be the most monotonous for drivers. Motorways are designed to carry heavy traffic at high speed with the lowest possible number of accidents. They are designed to collect long-distance traffic from other roads, so that conflicts between long-distance and local traffic are avoided (Elvik et al. 2009 ).
The Slovenian motorways system is being constructed since 1970s. Slovenian government gave the priority to the construction of motorways network in the early 1990s when Slovenia became a sovereign state, given the fact that some segments of Slovenian motorway were already constructed, and considering the broader social and economic importance of motorways in regards to the railways. Today the Slovenian motor-ways system is pretty much completed while the railways remained in poor condition.
Having in mind that Slovenia is located on the important European transport routes, and that Slovenian legislation demands the use of higher-level roads for Heavy Goods Vehicles (HGVs) if they exist parallel to lower category roads, we decided to examine the traffic safety on Slovenian motorways, with the focus on the involvement of HGVs in the accidents. For this reason, we prepared a database covering information on traffic accidents and traffic flows on the Slovenian motorways for the period from 2001 to 2012, while the year 2013 served as a test year.
Literature Overview
Traffic flow theory seeks to describe in a mathematical way the interactions between the vehicles and their operators as well as the infrastructure. In traffic flow theory the first differentiation is made between microscopic and macroscopic traffic flow variables. Microscopic traffic flow variables focus on individual drivers, while macroscopic traffic flow variables reflect the average state of the traffic flow - Table 1 (see e.g. May 1990; Papageorgiou 2003; Dadić, Kos 2007; Hoogendoorn, Knoop 2013) . A relation needs to be established between the microscopic behaviour and the macro performance of the flow (Lasmini et al. 2013 ). The other theoretical distinction of traffic flows is between homogeneous and inhomogeneous or heterogeneous traffic flows. Homogenous traffic flows are composed of vehicles with same characteristics, while the heterogeneous traffic stream consists of vehicles that have different speeds, sizes, operating characteristics, and vehicle spacing (see e.g. Katz 2009; Dadić, Kos 2007) . In reality there are no homogenous traffic mixes, but the dividing line between homogeneous and heterogeneous traffic flows is not uniquely determined; it is possible to talk about heterogeneous traffic flow if the share of the dominant mode is less than certain percentage, more precisely around 85% during peak time (Katz 2009) or that there should be three types of vehicles using the same infrastructure, namely fast vehicles, slow vehicles and long vehicles (Kerner 2004) . Another definition says that the heterogeneity of traffic flows is expressed in the share of commercial vehicles in the traffic flow, that is, with the share HGVs and buses (Dadić, Kos 2007) .
It is possible to find many papers dealing with the heterogeneity of traffic flows in urban areas of developing countries where mix of non-motorized and motorized modes exists (see e.g. Mizanur, Nakamura 2005; Lasmini et al. 2013) , while there has not been a lot of published work on heterogeneity of traffic flows on motorways and its influence on traffic safety. Nevertheless, Ferrari dedicated his career to investigation of traffic flows on motorways, and in his recent works he emphasized the effect of HGVs on traffic flows on motorways; however, not on traffic safety (see Ferrari 2011 Ferrari , 2009 ). Martin (2002) on the other hand, has analysed traffic flows on 2000 kilometres of French motorways for the period of two years in order to determine the relation between traffic flows and crash occurrence, but with no specific attention to HGVs. Golob et al. (2004) presented a strong evidence between flow condition and the likelihood of traffic accidents by type of crash on motorways, while Marchesini and Weijermars (2010) explored the relationship between congestion and road safety on motorways from the theoretic point of view. Finally, Ramírez et al. (2009) investigated the impact of HGVs and traffic safety on Spanish interurban roads.
Data
It is well known that the reporting of road accidents in official statistics is incomplete and biased (Elvik et al. 2009) , and even Brvar (2011) expressed doubts on the accuracy of Slovenian official statistics, but as there is no better publically available data on traffic accidents in Slovenia, we were forced to use the official data provided by Slovenian police.
Slovenia has a long tradition of traffic accidents data recording; first records on traffic accidents date back to early 1950s. The current data set is composed of two data bases; the first one including the information on the occurrence of the accident and the other one on the participants in these accidents. The two data bases are connected through the accident identification number and for purposes of this paper we created a unique data base on traffic accidents covering the period from 2001 to 2012. We identified and removed 26 cases with mismatched identification number (same identification number for different cases). The year 2013 served for testing purposes.
In order to link the crash occurrence with the traffic flows it was essential to extract the data on traffic volume and traffic structure of traffic flows on Slovenian motorways from the annual publication of the Slovenian Roads Agency. This publication includes the data on traffic flows on all state roads.
In addition, Traffic Information Centre provides data from 587 automatic counters on Slovenian roads in real time over the web portal www.promet.si, but the system does not allow the retrieval of past data. In order to get the picture on how heterogeneity of traffic flows reflects on average speed of vehicles, average time between driving vehicles, and occupancy of the carriageway we recorded the data on traffic flows during March and April 2014.
Methods
Descriptive statistics was used to get an overall picture on the trends and situation of traffic flows and traffic safety on Slovenian motorways.
Transport data, including traffic safety data, usually exhibit a seasonal pattern as well as a trend. The data on traffic safety on Slovenian motorways is not an exception. Therefore, it was reasonable to use seasonal decomposition to identify the seasonal components in the past data and use them in a forecasting model. Seasonal adjustment is done to simplify data so that they may be more easily interpreted by statistically unsophisticated users, without a significant loss of information (Bell, Hillmer 1984) .
Because it was not possible to predict that the amplitude of seasonal and random effects was constant regardless of the trends, we annihilated the seasonality by using the multiplicative decomposition. In the multiplicative model, the original time series is expressed as follows:
where: O t denotes observed series; T t denotes trend (long term movement in the mean); S t denotes seasonal variation (short-term fluctuations); I t denotes irregular components.
The seasonally adjusted data then becomes:
where: SA t denotes a seasonally adjusted series; ˆt S denotes the estimation of seasonal component.
AutoRegressive Integrated Moving Average (ARI-MA) models are often used in forecasting traffic safety. ARIMA models were introduced by Box and Jenkins in 1960's and they include combined concepts of autoregressive model, a model of integration of time series and a model of a moving average and can be used on equally spaced univariate time series data (Box et al. 2013) . Time series to which ARIMA model is fitted needs to be stationary. This means that a time series needs to have a constant mean and a constant variance over time.
Data on traffic accidents on Slovenian motorways show seasonality; thus, it was necessary to use a seasonal ARIMA method, which is denoted as SARIMA (p,d,q) 
where:
( ) A common approach to forecasting traffic safety is by the creation of Safety Performance Function (SPF). SPF is an equation used to predict the average number of crashes per year at a location as a function of exposure and in some cases roadway characteristics. The generalized form of models that used to forecast the number of road accidents takes the following form (see e.g. Eenink et al. 2008; Elvik et al. 2009 
where estimated expected number of accidents; ( ) λ E is a function of traffic volume; Q, and a set of risk factors; x i (i = 1, 2, 3, …, n). The effect of traffic volume on accidents is modelled in terms of an elasticity, that is, a power β, to which traffic volume is raised.
Traffic volumes [vehicles per day] and road lengths [km] are the most important explanatory variables in an Accident Prediction Models (APMs). The Austrian model goes one-step further and includes also the share of HGVs in traffic flows.
It would be good to make the selection of explanatory variables that are included in an APM based on theory; however, data availability is often a limiting factor. Thus, formula (4) often takes the following simplified form as suggested by Elvik et al. (2009) :
where: AADT stays for Average Annual Daily Traffic, which is a proxy for traffic volume. The presumption of this model is that accidents occur randomly, but at constant rate in regards to traffic activity.
Results and Discussion

Basic Findings
Around 245 kilometres of motorways were constructed in Slovenia in the period from 2001 to 2012. For this reason it was reasonable to convert data on transport volume to data on transport volume per kilometre of road. Transport volumes on Slovenian motorways have been constantly increasing in the analysed period with Average Annual Growth Rate (AAGR) of traffic work per kilometre of road reaching 3.2% and Compound Annual Growth Rate (CAGR) 3.1%. However, in the same period, the AAGR of HGVs traffic volume increased by 8.9 and the CAGR recorded 8.6%. The structure of traffic flows has therefore changed significantly; while in 2001 the share of HGVs represented only 7.4% of traffic volume on Slovenian motorways, it increased to an average of 13.1% by 2012. Fig. 1 shows the shares of vehicles having speed limit 80 km/h (that is, HGVs and buses) on Slovenian motorways and separately in the direction of corridor V over the analysed period. It is clearly visible that for several years, many sections of Slovenian motorways have accommodated more than 15% of such vehicles. This is especially the case on the sections of corridor V.
In the period from 2001 to 2012 a total of 26800 of traffic accidents occurred on Slovenian motorways, among which around 20% were injury accidents. The motorways accidents involved almost 48 300 people, 249 of which have died, 725 were severely injured and more than 7500 suffered minor injuries.
There is an increasing trend in the number of accidents on Slovenian motorways over the analysed period (Fig. 2) . In fact, the basic statistics on traffic safety on Slovenian motorways indicate the general decrease of safety, as AAGR and CAGR of number of traffic accidents on Slovenian motorways are positive and high, 6.6% and 5.0% respectively. Similar situation can be seen in injury accidents records; there is in general increasing trend with AAGR of 5.0% and CAGR 3.7%.
Proportion of the number of people killed on the motorways is growing; in 2001 the share of fatalities on motorways represented only 7% of all fatalities, while in 2012 this share was almost 14%. However, it should be noted that back in 2001 motorways accommodated barely 21% of all traffic flows in Slovenia, while in 2012 more than 44% of transport work flows was done on motorways, which is significantly above the European average (while accounting for more than one quarter of all kilometres driven, the European motorways contribute only to 8% of to the total number of road deaths (ETSC 2008) ). With other words this means, the traffic volume on Slovenian motorways almost tripled in the analysed period.
In 2001 there were 9.03 fatalities per billion vehicle kilometres done on motorways and in 2012 this number dropped to 3.14 fatalities per billion of vehicle kilometres on motorways. So in the aspect of fatality risk it is possible to say that the safety on Slovenian motorways has improved significantly irrespectively of the changes in traffic structure. According to the fatality risk level, the motorways represent the safest roads in Slovenia, which is consistent with the theory (see e.g. ETSC 2008).
The greatest number of traffic accidents on Slovenian motorways occurs in summer time (July and August) and the most dangerous day seems to be Friday (18% of all accidents) during afternoon and evening hours as can be seen in Fig. 3 . Generally speaking there are two daily peak periods in which majority of accidents occur, that is, in the morning between 6 and 9 AM, and in the afternoon between 3 and 6 PM during week days. The analysis of traffic situation during these periods indicates very common presence of heavy traffic, which is characterized by (in brackets are presented the results of traffic data recording in March and April 2014 which can serve as an indicator of traffic condition in certain periods of day, but cannot be generalized to past or future as the traffic flow and other conditions change):
-Higher density of vehicles on the fast lane than on regular lane (in 14.9% of measurements on motorways in general, and 25.7% on A1 motorway); -Inadequate time heading (less than 2 seconds time heading in only 2.7% of measurements; however, in 18.2% of cases when there is more traffic on fast lane than on regular lane); -High difference between the average speed on fast and regular line (22.5 km/h (22.0 km/h on A1) when traffic density is higher on fast lane than on regular lane). Around 70% of the accidents that took place on Slovenian motorways, occurred on the motorway A1, which corresponds to the ex pan-European corridor V. The motorways A1 takes on majority of the freight transit traffic over Slovenia and links several big Slovenian cities to Ljubljana; thus, it is not surprising that it records the highest AADT with higher shares of HGVs as seen in Fig. 1 .
In the European Union a HGV is involved in 6% of all accidents but in 16% of all fatal accidents -not necessarily meaning that the goods vehicle occupant is the victim of those accidents (EC 2013a (EC , 2013b . In Slovenia these numbers are somewhat worse; in the analysed period the HGVs were involved in 27.5% of all accidents (while causing 14.5% of all accidents (the inducer of the accident is not reported in 30.6% of cases)), and in 33.3% of fatal accidents (while causing 16.2% of such accidents). Regardless of the legislation (Uradni List 2006) , that requires HGVs to use motorways wherever possible, still more than 75% of accidents involving HGVs occur on lower rank roads ( Table 2) .
As Tiwari (2000) stated, a heterogeneous traffic mix has an effect on traffic safety, especially traffic fatalities. And indeed, in Slovenia the traffic flow structure on motorways is becoming more and more heterogeneous while at the same time the trend line for the involvement of HGVs in traffic accidents and for the causation of accidents is increasing (y = 26.832·x + 439.92 and y = 13 ·x + 240 respectively). The same direction is noticed for the causation of fatal accidents (y = 0.1154·x + 2) while a slight decrease is observed in the involvement of HGVs in fatal accidents (y = -0.0979·x + 6.303).
In 2012, at least one HGV was involved in 7372 accidents on Slovenian motorways, that is, in 27.5% of all accidents, and this share is even larger on A1, on which at least one HGV participated in 31.1% of accidents.
Forecasting the Number of Traffic Accidents on Slovenian Motorways
As seen in Fig. 2 , the time series on the number of traffic accidents on Slovenian motorways has a positive trend (0.4985), and is thus not stationary. The stationarity is generally best achieved by transforming the original series to a stationary time series either by differencing or by using log transformation. In fact, after applying the first difference, almost perfectly stationary time series with a slight negative trend (-0.0275) was achieved.
According to AutoCorrelation Function (ACF) and Partial AutoCorrelation Function (PACF), we achieved best fitting with the SARIMA(0,1,1)(0,1,1) 12 model (Table 3). Graph of residuals as well Durbin-Watson (2.09) test prove that there is no autocorrelation among residuals in the selected model.
The available data allows the test of the model on the 2013 traffic accidents data on Slovenian motorways; the reported number of traffic accidents in 2013 was 2294 while the model forecasted 2284 accidents. The forecast for longer period is presented in the Table 4 .
Accidents are the outcome of mix of various factors; however, increasing traffic volumes are usually related to increasing number of accidents:
As the particular interest of this paper is given to the influence of the HGVs on traffic safety on Slovenian motorways we included the share of HGV (%HGV) into the model:
The length of Slovenian motorways changed significantly in the analysed period; thus, it was not reasonable to include the motorways length into the model as it yields unexpected results at the first sight. In fact, with the increasing length the number of accidents drops which is probably the consequence of longer continuity of segments and less dangerous points. Further analysis with GIS data on traffic accidents would probably clarify this assumption.
Conclusions
It is often stressed that Slovenia is a country with extremely good geo-strategic position. This was a challenge and opportunity two decades ago, but in the future it might represent a huge problem. The Slovenian motorways system is now completed on the main directions, which correspond with the directions of formal corridor V and X, but the railways system is still very deficient. This means that the increasing traffic flows need to be accommodated by motorways and that consequently the structure of traffic flows is changing especially on the direction of corridor V, making the traffic stream heterogeneous and thus more dangerous.
With the increase of heterogeneity of traffic flow, the travelling conditions deteriorate. By theory in developed world this is due to the larger size and lower driving capacities of commercial vehicles sharing the same roads with personal cars.
The obtained models suggest that it is possible to expect the increased number of traffic accidents on Slovenian motorways. Now, with the Slovenian motorways system being more or less completed the increasing volume of traffic and the changing structure of traffic flows will have negative impact on traffic safety as suggested by the developed models.
As determined by the research, the involvement of HGVs in traffic accidents is much more present on Slovenian roads than the European average is. Future research will be thus focused on defining the traffic safety models for the A1 motorways segment, that is the segment which corresponds to the corridor V and is therefore the most intensively used by HGVs. 
